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ABSTRACT

The morbidity and mortality associated with surgical hemorrhage are consider-
able, particularly when relaparotomy is necessary. This complication can usually be avoided
with comprehensive preoperative patient evaluation and meticulous surgical technique.
The damage control sequence is a useful surgical strategy when severe intraoperative
coagulopathy or hemodynamic instability is present. Abdominal compartment syndrome is
a potentially lethal phenomenon that can occur following laparotomy or large-volume fluid
resuscitation, or both. Early recognition and intervention are critical to survival of the
patient when this syndrome occurs.
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Objectives:Upon completion of this article, the reader should be familiar with strategies for the prevention andmanagement of surgical

hemorrhage and abdominal compartment syndrome.

The only weapon with which the unconscious

patient can immediately retaliate upon the incompetent

surgeon is hemorrhage.

William Stewart Halsted, 1912

Of the many battles the surgeon encounters
during years in practice, none is more demoralizing or
critical than that waged against uncontrolled hemor-
rhage. Rapid, deliberate action is necessary to gain
control of unanticipated surgical bleeding, and vigilance
is essential to recognize ongoing hemorrhage postoper-
atively.

First, we focus on bleeding complications in
abdominal and pelvic surgery and review techniques
for preventing and managing intraoperative bleeding.
This includes damage control surgery, which is a
useful strategy to temporize bleeding in critically ill,

coagulopathic patients. Finally, we discuss abdominal
compartment syndrome. Although this potentially le-
thal phenomenon is predominantly described in the
trauma literature, it can occur following fluid resusci-
tation and abdominal operations in patients with a
variety of diagnoses.

SURGICAL BLEEDING—PREVENTION

Preoperative Evaluation

As in more traditional forms of combat, the best offense
against surgical bleeding is a good defense. A serious
effort should be made preoperatively to identify pa-
tients who have an elevated risk for bleeding related to
abnormalities of platelet function and coagulation. This
involves a detailed history. Patients should be asked
about unusual bruising or bleeding. In the patients with
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known hemostatic disorders, proper evaluation and
preparation are mandatory to minimize the risk of
surgical bleeding.

Hemophilia A (factor VIII deficiency), hemo-
philia B (factor IX deficiency), and von Willebrand’s
disease are the most common congenital coagulation
disorders. Optimal preparation of patients with these or
other congenital disorders requires preoperative com-
munication between the surgeon and the patient’s
hematologist. Recommendations for factor replace-
ment and duration of perioperative therapy vary accord-
ing to disease severity and the magnitude of the surgical
procedure. In general, surgical procedures on patients
with hemophilia A or B should be preceded by the
administration of recombinant or plasma-derived
monoclonal factor VIII or IX concentrates, and patients
with von Willebrand’s disease should receive 1-desa-
mino-8-D-arginine vasopressin (DDAVP) or factor
VIII concentrates with von Willebrand factor
(vWF).1–3

Warfarin (Coumadin) therapy is a common cause
of acquired coagulation dysfunction. Patients main-
tained within an international normalized ratio (INR)
range of 2 to 3 can be expected to exhibit normalization
of the prothrombin time/INR �5 days after cessation of
warfarin.4 Bridging therapy with intravenous unfractio-
nated heparin or subcutaneous low-molecular-weight
heparin may be indicated for patients at a high risk for
thromboembolism.4 Preoperative consultation with the
patient’s cardiologist or primary care physician, or both,
can be helpful in this situation. When rapid reversal of
anticoagulation is necessary for emergency procedures,
administration of fresh-frozen plasma with or without
vitamin K is indicated.

Congenital platelet disorders are relatively rare. A
variety of medical conditions and medications can induce
platelet dysfunction or thrombocytopenia, or both. Anti-
platelet medications, such as aspirin, nonsteroidal anti-
inflammatory drugs, and clopidogrel (PlavixTM), should
be discontinued 10 to 14 days prior to elective surgery.
DDAVP infusion and platelet transfusions are useful
measures in preparation for emergency operations.2

Platelet transfusion is contraindicated for patients with
thrombotic thrombocytopenic purpura and hemolytic-
uremic syndrome. These forms of microangiopathic
hemolytic anemia can both be treated by total plasma
exchange with cryoprecipitate supernatant plasma.1

Close consultation with a hematologist during the peri-
operative period is imperative.

Maintenance of surgical hemostasis in patients
with vascular and connective tissue disorders, such as
Ehlers-Danlos syndrome, can be challenging for even
the most technically talented surgeon. Tissue friability
may also be increased in patients with prior radiation
treatment, steroid use, or vitamin C deficiency (scurvy).
Careful tissue handling and meticulous surgical

technique must be employed to avoid catastrophic
vascular injuries in this group of patients.2

Abnormal hemostasis should be anticipated in
patients with renal failure and hepatic dysfunction.
Patients with short bowel or malabsorption syndromes
may have impaired coagulation secondary to vitamin K
deficiency. In addition to preoperative hemodialysis,
platelet dysfunction associated with uremia may be
improved with DDAVP, cryoprecipitate, or conjugated
estrogens.1–3 Patients with hepatic failure should
undergo thorough preoperative coagulation studies
with plasma transfusions as indicated during the peri-
operative period. The operating surgeon should also be
prepared to contend with extensive venous collaterals in
patients with portal hypertension.

Intraoperative Considerations

One of the most difficult sites of surgical bleeding
encountered by colon and rectal surgeons is in the
presacral region. This complication may be avoided
with careful surgical technique and a comprehensive
understanding of the vascular anatomy in this area.
Protected by the presacral fascia, the presacral venous
plexus is formed by the middle sacral, lateral sacral, and
communicating veins and drains into the internal iliac
veins. Sacral basivertebral veins emerge from foramina
located on the pelvic surface of the third to fifth seg-
ments of the sacral body, connecting the internal verte-
bral venous system and the external venous plexus. These
veins may be large in caliber and can produce high-
pressure bleeding when disrupted.5,6

In a clinical and anatomic study of presacral
bleeding associated with abdominoperineal proctectomy,
Wang et al6 observed patterns of hemorrhage and
identified four surgical maneuvers that commonly cause
trauma to the presacral and basivertebral veins. Severe
hemorrhage was most commonly attributed to blunt
finger dissection between the posterior rectal wall and
the sacral surface with violation of the presacral fascia.
Sharp dissection, performed from the pelvis or upward
from a perineal approach, may also result in laceration of
the presacral fascia if performed too close to the sacrum.
Finally, clamping and lifting bleeding vessels on the
presacral surface can cause vascular injury.

Although there is no substitute for meticulous
sharp dissection within the avascular presacral space,
several techniques have been described for the manage-
ment of severe presacral hemorrhage. Sterile thumbtacks
are particularly useful in cases of sacral basivertebral
venous injury, especially when the lacerated vein retracts
into its sacral foramen. After digital control of bleeding
has been established, a sterile tack can be pressed into the
foramen for permanent hemostasis.7 Lower pressure
bleeding from the presacral venous plexus can usually
be controlled with suture ligation or temporary packing.
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Application of a laparoscopic stapling device can be used
to tamponade bleeding veins against the bony surface of
the sacrum.5,8 Other techniques described in the liter-
ature include use of balloon devices,9 hemostatic sponges
with cyanoacrylate adhesive,10 and electrocautery ‘‘weld-
ing’’ of rectus muscle to the bleeding site.11–13

DAMAGE CONTROL
At some point, every surgeon is confronted by severe,
diffuse intraoperative bleeding that is unresponsive to
conventional hemostatic measures. In these critically ill
patients with massive hemorrhage, this condition evolves
through the combined effects of hypothermia, metabolic
acidosis, and coagulopathy. Resuscitation with large
volumes of crystalloid and blood products contributes
to hemodilution, thrombocytopenia, and a relative re-
duction in coagulation factors. Intraoperative efforts to
reverse profound coagulopathy in the setting of ongoing
blood loss and hypothermia can be futile.

In 1983, Stone et al14 reported a series of 31
patients who developed major coagulopathy during lap-
arotomy for abdominal trauma. The mortality rate of the
initial 14 patients treated with standard laparotomy and
definitive repair of all injuries was 93%. After an algo-
rithm was adopted by which abbreviated laparotomy,
abdominal packing, and temporary abdominal closure
are followed by resuscitation and correction of coagul-
opathy in the intensive care unit and planned reexplora-
tion, the mortality rate decreased to 35%. This strategy,
commonly referred to as the ‘‘damage control’’ sequence,
is well represented in the trauma literature. The appli-
cation of damage control principles has also been de-
scribed in other surgical settings, including urologic,
gynecologic, and colon and rectal surgery.15–18

Indications and Selection of Patients

The decision to perform damage control surgery must be
made rapidly based on the patient’s overall physiologic
state. Indications for this approach include hemody-
namic instability, coagulopathy, hypothermia, severe
metabolic acidosis (pH< 7.30), inaccessible major ve-
nous injury, shock secondary to sepsis, and suboptimal
patient response to resuscitation in the setting of a
prolonged surgical procedure.15,18,19 When operating
on a critically ill patient with any of these factors, the
surgeon must periodically reassess the condition of the
patient intraoperatively. Communication with the anes-
thesia team is essential when considering early termina-
tion of a laparotomy.

The Damage Control Sequence

The damage control sequence in abdominal surgery
consists of three distinct stages: initial laparotomy with

temporary closure of the abdomen, secondary resuscita-
tion, and planned reoperation with definitive organ
repair. A disciplined, coordinated approach is necessary
to complete the process with optimal results.

Once a surgeon has decided to employ the dam-
age control approach, the initial laparotomy should be
completed in an expeditious fashion. Evacuation of
hematoma and intraperitoneal contamination should
be performed first, followed by necessary organ repairs.
Major vascular injuries should be controlled using
clamps, suture, or shunts. Temporary aortic occlusion
may be necessary for control of hemorrhage during
exploration and revascularization efforts. Hollow organ
injuries can be temporized with suture or stapling
techniques. When intestinal resections are performed,
the bowel is left in discontinuity with the ends stapled.
Laparotomy pads may be packed over areas of persistent
bleeding. Temporary abdominal closure is performed by
reapproximating the skin edges using towel clips or
suture, leaving the fascia open to minimize intra-ab-
dominal pressure and preserve fascial integrity.14,15,18,19

If massive visceral edema has developed as a result of
fluid resuscitation, abdominal closure may not be possi-
ble. Several options, including placement of absorbable
mesh, sterile intravenous bags, sterile X-ray cassette
covers, and vacuum-assisted devices, are extremely useful
under these circumstances.20,21

The goal of the second stage in the damage
control sequence is the correction of the underlying
coagulopathy and restoration of normal physiology.
Postoperatively, the patient is transported to the inten-
sive care unit for continued resuscitation. Core rewarm-
ing can be achieved using radiant heat lights, heating
blankets, or chest tube placement with warm saline
pleural lavage.22 Administration of warm blood, crystal-
loid, and plasma may be performed using a rapid
infusion device. Periodic laboratory assessment of elec-
trolyte, hematology, and coagulation profiles should be
obtained with aggressive correction as indicated. Me-
chanical ventilation and continuous hemodynamic mon-
itoring are essential.15,19,22

Once rewarming, correction of coagulopathy, and
optimization of fluid status and hemodynamics have
been achieved, the patient is returned to the operating
room for removal of packs and definitive surgery. This is
usually performed between 24 and 72 hours after the
initial operation. After all laparotomy pads have been
removed, the peritoneal contents should be reinspected
for missed injuries or nonviable intestinal segments.
Restoration of intestinal continuity can be accomplished
using standard anastomotic techniques, with endostomy
creation if indicated. If prolonged dependence on me-
chanical ventilation is anticipated, placement of an
enteral feeding tube should be considered. Closure of
the abdominal fascia in standard fashion is performed at
the completion of the operation. If the fascia cannot be
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approximated without tension, placement of absorbable
mesh or a vacuum-assisted closure device is recom-
mended.14,18,19,22–24

The considerable morbidity and mortality associ-
ated with damage control surgery underscore the im-
portance of selection of patients for implementation of
this strategy. Common complications include wound
infection, intra-abdominal abscess, wound dehiscence,
bile leak, enterocutaneous fistulas, multiple system organ
failure, and abdominal compartment syndrome.14,15,23,24

UNPLANNED RELAPAROTOMY FOR
POSTOPERATIVE HEMORRHAGE

Recognition of Ongoing Bleeding

Perhaps the most difficult aspect of the management of
postoperative hemorrhage is the early recognition of this
potentially devastating complication. During the post-
operative period, the surgeon must remain alert for signs
of ongoing hemorrhage. Subtle clinical signs of blood loss
may be missed or falsely attributed to postoperative fluid
shifts, especially when no major bleeding complications
were encountered during the initial operation. The deci-
sion to return to the operating room should be based on
whether the patient’s estimated postoperative blood loss
exceeds the expectations of the operative surgeon.

In a series of 166 operations performed for post-
operative hemorrhage in trauma patients, Hirshberg et al
described direct and indirect signs of bleeding. Direct
signs, consisting of bleeding from drains and other
evidence of external bleeding, contributed to the decision
to reoperate in 74% of patients. The diagnosis of on-
going hemorrhage in the remaining cases was made on
the basis of indirect clinical signs, including hemody-
namic instability, hematocrit drop, and abdominal dis-
tention. Seventy-seven percent of the abdominal
reexplorations were performed within 24 hours of the
primary procedure.25

Patterns of Postoperative Bleeding

When performing an abdominal reexploration for hem-
orrhage, the surgeon should be mindful of the various
patterns in which postoperative bleeding can occur.
Discreet sites of bleeding are typically easier to recognize
and control. This type of postoperative hemorrhage
usually results from incomplete hemostasis at a site of
previous repair. Bleeding from a specific vessel or group
of vessels can result from vascular injury during suture
ligation, suture displacement from a short vascular
‘‘stump,’’ or inadequate vascular occlusion by a suture
because of disease-induced vessel wall rigidity.26 Bleed-
ing from iatrogenic injuries to the spleen or liver that
were inadequately addressed or unrecognized at the
primary operation should also be considered.25 Once

the source of bleeding is identified, standard surgical
techniques for vascular repair or ligation, splenorrhaphy,
or hepatorrhaphy should be employed as indicated.

Anastomotic bleeding from suture or staple lines
can occur after surgical procedures requiring intestinal
resection. Blood per rectum in excess of normal post-
operative hematoma evacuation should alert the surgeon
to this possible bleeding etiology. Although endoscopy
has both diagnostic and therapeutic potential in this
situation, it should be employed with great caution in the
setting of a newly created intestinal anastomosis.27

Diffuse bleeding from raw surfaces is often the
most challenging mode of bleeding to control. This
condition may result from ongoing coagulopathy or
unrecognized conditions of hemostatic or platelet dys-
function. Identification and correction of the underlying
disorder are essential in this situation. Abdominal pack-
ing is an option if adequate hemostasis cannot be
achieved.2,25,28

Complications of Relaparotomy

Early relaparotomy for bleeding or other postoperative
complications carries a considerable amount of risk.
Several studies have demonstrated an overall mortality
rate between 29 and 71% for patients requiring abdomi-
nal reexploration in the early postoperative period. The
mortality associated with reoperation for intraperitoneal
hemorrhage (27 to 40%) is typically lower than that of
laparotomies performed for infectious complications.
Factors associated with increased morbidity and mortal-
ity include age older than 50 years, emergent primary
laparotomy, peritonitis at the time of primary laparot-
omy, and the development of multiple system organ
failure prior to relaparotomy.29–32 In light of these risks,
the decision to return to the operating room for ab-
dominal reexploration should be calculated carefully.

ABDOMINAL COMPARTMENT SYNDROME
Compartment syndrome is a descriptive term for the
detrimental effects of elevated pressure within a confined
anatomical space. Traditional examples include tissue
swelling and ischemia within the fascial compartments
of the extremities and increased intracranial pressure
associated with hemorrhage or closed head injury.33 In-
creased pressure within the peritoneal cavity, or intra-
abdominal hypertension, can have profound effects on
multiple organ systems. This constellation of clinical signs
is often referred to as abdominal compartment syndrome.

Predisposing Factors

Although the majority of the literature pertaining to
abdominal compartment syndrome is derived from the
trauma population, this condition can affect a wide
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variety of patients. Spontaneous causes include massive
ascites, intra-abdominal abscess, ileus, intestinal obstruc-
tion, ruptured aortic aneurysm, tension pneumoperito-
neum, acute pancreatitis, pregnancy, chronic ambulatory
peritoneal dialysis, and mesenteric venous thrombosis.
Postoperative and iatrogenic causes include hemorrhage
(intraperitoneal or retroperitoneal), visceral edema, acute
gastric dilatation, abdominal closure under tension,
abdominal packing, and reduction of large peritoneal
or diaphragmatic hernias. Post-traumatic elevations of
intra-abdominal pressure typically occur as a result of
hemorrhage or postresuscitation visceral edema.33 Sec-
ondary abdominal compartment syndrome can occur as a
result of large-volume resuscitation in patients with
traumatic injuries to sites other than the abdominal
compartment.34

Assessment of Intra-abdominal Pressure

Normal intra-abdominal pressure varies with respiration
and ranges between 0 and 5 mm Hg.33,35,36 Although
exact measurements vary between authors, intra-ab-
dominal hypertension is usually defined as intra-ab-
dominal pressure greater than 20 mm Hg.34–38

Intra-abdominal pressure can be measured using
various direct and indirect techniques. Direct measure-
ment requires placement of an intraperitoneal catheter
connected to an external pressure transducer or saline
manometer. Indirect measurements are more practical in
clinical situations. These methods rely on the placement
of pressure-monitoring devices into intra-abdominal or-
gans that reflect the intra-abdominal pressure. Early
studies in animal models described percutaneous catheter
placement for inferior vena cava pressure monitoring.33,37

Gastric pressure can be measured by water manometry
through a nasogastric or gastrostomy tube.33,37 The most
common technique used in clinical practice is the meas-
urement of urinary bladder pressure. After instilling 50 to
100 mL of liquid into the bladder through an indwelling
transurethral catheter and clamping the distal tubing,
pressure measurements can be obtained by attaching a
manometer or bedside monitor to a needle inserted in the
specimen collection port of the catheter. With the patient
in supine position, the symphysis pubis is used as the zero
point for monitor calibration.33–36,38

Physiologic Consequences of Intra-abdominal

Hypertension

Elevated intra-abdominal pressure has an adverse effect
on multiple organ systems. Abdominal distention in-
creases the pressure within the adjacent pleural space.
Pulmonary compliance is consequently impaired, as
demonstrated by elevations in peak airway pressures in
ventilated patients. A reduction in cardiac output occurs
from the additive effects of diminished venous return

and increased afterload. A subsequent decline in hepatic
and mesenteric blood flow can result in visceral ischemia.
Renal dysfunction with oliguria or anuria occurs secon-
dary to decreased perfusion, compression of the renal
veins, and a lower glomerular filtration rate. Although
the physiologic mechanism is unclear, elevations of
intracranial pressure have also been associated with
intra-abdominal hypertension.33–38

Aggressive resuscitation with crystalloid and
blood products is necessary to maintain an adequate
circulatory volume, especially in the presence of ongoing
hemorrhage. In the setting of intra-abdominal hyper-
tension, profound capillary leakage occurs through the
combined effects of a dilutional decrease in plasma
oncotic pressure and a pressure-induced impairment of
mesenteric venous and lymphatic outflow. Ascites and
visceral edema develop, further increasing the intra-
abdominal pressure. Once this positive feedback cycle
has been activated, the progression to abdominal com-
partment syndrome occurs fairly rapidly.33,34,37,39

Diagnosis and Treatment of Abdominal

Compartment Syndrome

Abdominal compartment syndrome is a lethal condition,
with mortality rates reported between 25 and
75%.33,34,40,41 Surgical decompression within the first
24 hours is associated with improved patient out-
comes.34,41 To optimize patient survival, the surgeon
must maintain a high index of suspicion and be prepared
to intervene promptly.

Pulmonary dysfunction and abdominal distention
are often the initial clinical indications of abdominal
compartment syndrome and therefore warrant intra-
abdominal pressure monitoring. Patients with large-
volume resuscitation requirements should also undergo
periodic intra-abdominal pressure monitoring. The di-
agnosis of abdominal compartment syndrome can be
made when intra-abdominal hypertension is accompa-
nied by at least one of its end-organ manifestations.

The decision to perform a decompressive laparot-
omy should be based on the overall clinical condition of
the patient instead of relying on specific intra-abdominal
pressure parameters. Although strict guidelines for sur-
gical intervention have not been established, a strategy
introduced by Meldrum et al recommends decompressive
laparotomy based on bladder pressure > 20 mm Hg
accompanied by one of the following: peak airway pres-
sure> 40 mLH2O, oxygen delivery index< 600mLO2/
min/m2, or urine output < 0.5 mL/kg/hr.42

Abdominal decompression can be performed in
the intensive care unit or in the operating room. Bedside
laparotomy is an option for patients with high ventila-
tory requirements or those too unstable for transport.
When possible, the procedure should be performed in
the operating room with skilled nursing and anesthesia
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support. Abrupt abdominal decompression can activate a
process referred to as reperfusion syndrome, in which a
rapid increase in cardiac output and washout of the
byproducts of anaerobic metabolism can lead to circu-
latory collapse. The anesthesia team should anticipate
this phenomenon by administering mannitol and so-
dium bicarbonate prior to and during the surgical pro-
cedure.34,40 Intra-abdominal hemorrhage and ischemic
viscera requiring resection can be more easily addressed
in an operating room environment.

After the anesthesia team has instituted appropri-
ate monitoring and preoperative medications, decom-
pressive laparotomy should proceed expeditiously . In
the majority of cases, a recent laparotomy has been
performed and abdominal access can be quickly obtained
through the midline wound. If towel clips are present
from prior damage control surgery and temporary ab-
dominal closure, the initial removal of every other clip
may prevent an abrupt drop in intra-abdominal pres-
sure.40 In cases of secondary abdominal compartment
syndrome, abdominal decompression can be performed
through a generous midline incision. When the perito-
neal cavity has been exposed and any residual hematoma
has been evacuated, a quick but thorough exploration
should be performed. Surgical repair or abdominal pack-
ing may be employed if ongoing hemorrhage is present.

To maintain abdominal decompression, the skin
and fascial edges must be left open. Several options for
temporary coverage of the open abdomen have been
described. These options include absorbable mesh and
vacuum-assisted closure devices. Delayed fascial closure
may be possible after visceral edema decreases and
normal physiology has been restored. If the fascia cannot
be reapproximated without tension, a split-thickness
skin graft may be applied when an adequate bed of
granulation tissue has formed in the open abdominal
wound.20,21,34,40 Abdominal wall reconstruction can be
performed 6 to 12 months later using a fascial compo-
nents separation technique or prosthetic mesh.43

SUMMARY
Hemorrhage and abdominal compartment syndrome are
two potentially catastrophic complications of abdominal
surgery. Prevention of both conditions requires careful
preoperative evaluation and meticulous surgical techni-
que. Recognition of the clinical signs associated with
postoperative hemorrhage and abdominal compartment
syndrome requires vigilance on the part of the operating
surgeon. Prompt surgical intervention is essential for
survival of the patient.

DISCLOSURE

The authors have no conflicts to disclose relative to this
article.

REFERENCES

1. Martlew VJ. Peri-operative management of patients with
coagulation disorders. Br J Anaesth 2000;85:446–455

2. Streiff MB. Abnormal operative and postoperative bleeding.
In Cameron JL, ed. Current Surgical Therapy. 8th ed. St.
Louis, MO: Mosby; 2004:1122–1135

3. Weaver DW. Differential diagnosis and management of
unexplained bleeding. Surg Clin North Am 1993;73:353–
361

4. Jaffer AK, Ahmed M, Brotman DJ, et al. Low-molecular-
weight-heparins as periprocedural anticoagulation for patients
on long-term warfarin therapy: a standardized bridging therapy
protocol. J Thromb Thrombolysis 2005; 20:11–16

5. Hill ADK, Menzies-Gow N, Darzi A. Methods of control-
ling presacral bleeding. J Am Coll Surg 1994;178:183–184

6. Wang QY, Shi WJ, Zhao YR, Zhou WQ, He ZR. New
concepts in severe presacral hemorrhage during proctectomy.
Arch Surg 1985;120:1013–1020

7. Nivatvongs S, Fang DT. The use of thumbtacks to stop
massive presacral hemorrhage. Dis Colon Rectum 1986;
29:589–590

8. van der Vurst TJ, Bodegom ME, Rakic S. Tamponade of
presacral hemorrhage with hemostatic sponges fixed to the
sacrum with endoscopic helical tackers: report of two cases.
Dis Colon Rectum 2004;47:1550–1553

9. Braley SC, Schneider PD, Bold RJ, Goodnight JE, Khatri
VP. Controlled tamponade of severe presacral venous
hemorrhage. Dis Colon Rectum 2002;45:140–142

10. Losanoff JE, Richman BW, Jones JW. Cyanoacrylate
adhesive in management of severe presacral bleeding.
Dis Colon Rectum 2002;45:1118–1119

11. Remzi FH, Oncel M, Fazio VW. Muscle tamponade to
control presacral venous bleeding: report of two cases.
Dis Colon Rectum 2002;45:1109–1111

12. Harrison JL, Hooks VH, Pearl RK, et al. Muscle fragment
welding for control of massive presacral bleeding during
rectal mobilization: a review of eight cases. Dis Colon
Rectum 2003;46:1115–1117

13. Ayuste E Jr, Roxas MFT. Validating the use of rectus muscle
fragment welding to control presacral bleeding during rectal
mobilization. Asian J Surg 2004;27:18–21

14. Stone HH, Strom PR, Mullins RJ. Management of the major
coagulopathy with onset during laparotomy. Ann Surg
1983;197:532–535

15. Shapiro MB, Jenkins DH, Schwab W, Rotondo MF.
Damage control: collective review. J Trauma 2000;49:969–
978

16. Moise KJ, Belfort MA. Damage control for the obstetric
patient. Surg Clin North Am 1997;77:835–852

17. Coburn M. Damage control for urologic injuries. Surg Clin
North Am 1997;77:821–834

18. McPartland KJ, Hyman NH. Damage control: what is its
role in colorectal surgery? Dis Colon Rectum 2003;46:981–
986

19. Rotondo MF, Zonies DH. The damage control sequence and
underlying logic. Surg Clin North Am 1997;77:761–777

20. Rutherford EJ, Skeete DA, Brasel KJ. Management of the
patient with an open abdomen: techniques in temporary and
definitive closure. Curr Probl Surg 2004;41:815–876

21. Miller PR, Meredith JW, Johnson JC, Chang MC.
Prospective evaluation of vacuum-assisted fascial closure after
open abdomen: planned ventral hernia rate is substantially
reduced. Ann Surg 2004;239:608–616

SURGICAL HEMORRHAGE, DAMAGE CONTROL, AND COMPARTMENT SYNDROME/HAMMOND, MARGOLIN 193



22. Rotondo MF, Schwab CW, Mcgonigal MD, et al. Damage
control: an approach for improved survival in exsanguinating
penetrating abdominal injury. J Trauma 1993;35:375–383

23. Sharp KW, Locicero RJ. Abdominal packing for surgically
uncontrollable hemorrhage. Ann Surg 1992;215:467–475

24. Burch JM, Ortiz VB, Richardson RJ, Martin RR, Mattox
KL, Jordan GL Jr. Abbreviated laparotomy and planned
reoperation for critically injured patients. Ann Surg 1992;
215:476–484

25. Hirshberg A, Wall MJ, Ramchandani MK, Mattox KL.
Reoperation for bleeding in trauma. Arch Surg 1993;128:
1163–1167

26. Moore GE, Payne MJ. Intra-abdominal hemorrhage follow-
ing abdominal surgery. AMA Arch Surg 1958;77:162–164

27. Cappell MS, Ghandi D, Huh C. A study of the safety and
clinical efficacy of flexible sigmoidoscopy and colonoscopy
after recent colonic surgery in 52 patients. Am J Gastro-
enterol 1995;90:1130–1134

28. Hirshberg A, Stein M, Adar R. Reoperation: planned and
unplanned. Surg Clin North Am 1997;77:897–907

29. Harbrecht PJ, Garrison N, Fry DE. Early urgent relapar-
otomy. Arch Surg 1984;119:369–374

30. Bunt TJ. Urgent relaparotomy: the high-risk, no-choice
operation. Surgery 1985;98:555–560

31. Zer M, Dux S, Dintsman M. The timing of relaparotomy
and its influence on prognosis: a 10 year survey. Am J Surg
1980;139:338–343

32. Krause R. Reintervention in abdominal surgery. World J
Surg 1987;11:226–232

33. Schein M, Wittmann DH, Aprahamian CC, Condon RE.
The abdominal compartment syndrome: the physiological
and clinical consequences of elevated intra-abdominal
pressure. J Am Coll Surg 1995;180:745–753

34. Maxwell RA, Fabian TC, Croce MA, Davis KA. Secondary
abdominal compartment syndrome: an underappreciated
manifestation of severe hemorrhagic shock. J Trauma 1999;
47:995–999

35. Tal R, Lask DM, Keslin J, Livne PM. Abdominal compart-
ment syndrome: urological aspects. BJU Int 2004;93:474–477

36. Sugrue M. Abdominal compartment syndrome. Curr Opin
Crit Care 2005;11:333–338

37. Ivatury RR, Diebel L, Porter JM, Simon RJ. Intra-abdominal
hypertension and the abdominal compartment syndrome.
Surg Clin North Am 1997;77:783–800

38. Simon RJ, Friedlander MH, Ivatury RR, DiRaimo R,
Machiedo GW. Hemorrhage lowers the threshold for
intra-abdominal hypertension-induced pulmonary dysfunc-
tion. J Trauma 1997;42:398–405

39. Moore-Olufemi SD, Xue H, Allen SJ, et al. Effects of
primary and secondary intra-abdominal hypertension on
mesenteric lymph flow: implications for the abdominal
compartment syndrome. Shock 2005;23:571–575

40. Eddy V, Nunn C, Morris JA Jr. Abdominal compartment
syndrome: the Nashville experience. Surg Clin North Am
1997;77:801–812

41. Balogh Z, McKinley BA, Holcomb JB, et al. Both primary
and secondary abdominal compartment syndrome can be
predicted early and are harbingers of multiple organ failure. J
Trauma 2003;54:848–861

42. Meldrum DR, Moore FA, Moore EE, Franciose RJ, Sauaia
A, Burch JM. Prospective characterization and selective
management of the abdominal compartment syndrome. Am J
Surg 1997;174:667–672

43. Jernigan TW, Fabian TC, Croce MA, et al. Staged
management of giant abdominal wall defects: acute and
long-term results. Ann Surg 2003;238:349–357

194 CLINICS IN COLON AND RECTAL SURGERY/VOLUME 19, NUMBER 4 2006


